Abstract-Over the past several decades, the HIV/AIDS epidemic has dramatically altered patterns of morbidity and mortality in sub-Saharan Africa, with potential consequences for human capital investment and economic growth. Using data from Demographic and Health Surveys for fifteen countries in sub-Saharan Africa, I estimate the relationship between regional HIV prevalence and the change in individual human capital investment over time. Consistent with a simple model of human capital investment incorporating mortality risk, I find that areas with higher levels of HIV experienced relatively larger declines in schooling.
I. Introduction
O VER 25 years after AIDS was first reported by the CDC in 1981, 33.2 million people worldwide are estimated to be infected with HIV. Sub-Saharan Africa, the ''global epicenter of the AIDS pandemic,'' is home to over two-thirds of HIV-infected people, with prevalence among adults aged 15 to 49 estimated to be 5.0% (UNAIDS and WHO, 2007) . AIDS killed some 2 million Africans in 2005 and has reduced life expectancies in the most affected countries to their pre-1970 levels (U.S. Census Bureau, 2005) . And yet the impact of the AIDS epidemic extends far beyond its first-order effect on longevity. In some areas, AIDS has wiped out a substantial fraction of prime-age adults, threatening economic stability and growth today and in the coming decades.
The full impact of HIV/AIDS has not yet been realized, and available empirical evidence on the effect of HIV on economic growth is mixed. Bloom and Mahal (1997) find that as of the mid-1990s the AIDS epidemic had an insignificant effect on GDP growth. Bonnel (2000) disputes this, showing that HIV prevalence is negatively related to growth. Recent work by Ahuja, Wendell, and Werker (2009) using data through 2005 finds no impact of the epidemic on growth.
Several recent studies forecast the long-term effects of the AIDS epidemic by analyzing the effects on fertility and human capital investment. finds, in a country-level cross-sectional framework, that HIV is associated with higher levels of fertility. However, Juhn, Kalemli-Ozcan, and Turan (2008) find no evidence of large effects of regional HIV prevalence on fertility, whether in a cross-sectional or panel framework; Fortson (2009) likewise finds no evidence of large fertility responses to the epidemic. However, Young (2005) , in an analysis of South Africa, argues that AIDS-induced fertility declines, by reducing the number of people among whom limited resources must be shared, will offset AIDS-related reductions in human capital and actually improve living standards of future generations. Young's (2005) analysis assumes that HIV affects only the educational attainment of orphans; if nonorphans are also affected, his results may underestimate the effect of the epidemic. In a more recent paper, Young (2007) calculates the relationship between HIV and schooling among those aged 6 to 24, and finds that the relationship is inconsistent across measures and specifications.
Most existing estimates of the effect of HIV on human capital investment have focused on orphans. Orphans in Africa are significantly less likely to be enrolled in school than nonorphans and progress more slowly when enrolled (Case, Paxson, & Ableidinger, 2004; Case & Ardington, 2006; Evans & Miguel, 2007) . However, the HIV/AIDS epidemic may well affect human capital investment more broadly. Changes in mortality could have a nonnegligible effect on human capital investment (Meltzer, 1992) . Because the presence of HIV/AIDS may increase mortality risk in adulthood, it could ceteris paribus reduce the expected return to schooling. To the extent that human capital investment responds to changes in the expected return to schooling, we might think that human capital investment would fall among both orphans and nonorphans. Through this and other channels, the HIV/AIDS epidemic may have a widespread effect on human capital investment and, therefore, growth.
This underlying idea-that changes in life expectancy or mortality risk could lead to changes in human capital investment-motivates much of the large literature linking health and growth (see, for example, WHO, 2001 ). Lorentzen, McMillan, & Wacziarg (2008) investigate the relationship between adult mortality-as distinct from health more generally-and human capital investment, fertility, and physical capital investment. They argue that changes in adult mortality can alter behavior by changing time horizons, whereas health more generally may have direct effects on schooling and other behavior through increased morbidity (as highlighted by Bleakley, 2007) . Using country-level data from a large sample of countries, Lorentzen, et al. (2008) find a negative but not robust association between adult mortality and the secondary school enrollment rate. Consistent with this model, Jayachandran and LlerasMuney (2009) find evidence of increases in human capital investment in response to declines in maternal mortality in Sri Lanka in the middle of the twentieth century. In the case of HIV/AIDS, this time horizon or mortality risk channel is just one of several reasons to expect declines in educational attainment.
The contribution of this paper is twofold. First, I provide estimates of the aggregate impact of the HIV/AIDS epidemic on educational attainment in sub-Saharan Africa. To my knowledge, these are the first estimates of this broad effect. Second, I evaluate empirically several competing hypotheses for why HIV might affect human capital investment. These findings can inform public policies aimed at minimizing the devastating effects of the HIV/AIDS epidemic and may generalize to other settings as well.
Before presenting my empirical results, I motivate the analysis with simple economic theory illustrating how HIV might affect incentives to complete schooling. Building a model of human capital investment that incorporates lifetime uncertainty, I demonstrate that mortality risk reduces the value of the incremental increase in earnings from an additional year of schooling. Under credible assumptions, the model suggests that completed schooling is inversely related to mortality risk. Employing estimates from the literature, I argue that the model implies that regional HIV prevalence of 10% should reduce completed years of schooling by about 0.5 years, an estimate that I can then compare to my empirical results.
In my principal empirical tests, I use nationally representative cross-sections from Demographic and Health Surveys (DHS) for Burkina Faso, Cameroon, Côte d'Ivoire, Ethiopia, Ghana, Guinea, Kenya, Lesotho, Malawi, Mali, Niger, Rwanda, Senegal, Tanzania, and Zambia to estimate the relationship between regional HIV prevalence and the educational outcomes of successive birth cohorts. These surveys include newly available estimates of HIV based on household testing-arguably the most accurate and geographically specific estimates available. Using these crosssectional data on regional HIV prevalence in a differencein-differences approach, my analysis exploits the substantial geographic and time variation in HIV prevalence to estimate the effect of HIV on human capital investment. I find that years of schooling, school attendance, primary school completion, and progress through school declined in places with higher levels of HIV, though they increased elsewhere. Relative to areas without HIV, post-1980 birth cohorts in areas with HIV prevalence of 10% (today) completed about 0.5 fewer years of schooling than pre-1980 cohorts. My results are robust to adjustments for migration and mortality and seem to be consistent with a causal interpretation.
In addition to the mortality risk channel explored by the model, there are several possible channels through which the epidemic could affect schooling, including orphanhood, caretaking requirements, the provision of schooling, family resources, and market wages. For instance, it could be that the regional HIV rate is negatively associated with schooling because a disproportionate number of orphans live in high-HIV areas. I test whether my results are robust to the exclusion of orphans and find that regional HIV prevalence is associated with substantial declines in human capital investment even among nonorphans. I also test whether these results are driven by the increased caretaking requirements that might come from AIDS-related illness. Specifically, using individual HIV test results available in these DHS data, I exclude from the analysis children living in households known to include an HIV-positive member. I find that regional HIV prevalence is associated with poorer educational outcomes in this restricted sample as well. These results provide evidence in support of a broad effect of HIV on human capital investment.
To test whether the provision of schooling drives the effect, I test for differences between men and women in the effect of HIV on education. If the broad effects of HIV on schooling outcomes result from declines in the provision of schooling (for example, teacher death), we would expect regional HIV prevalence to affect boys and girls equally. I find significantly larger effects of HIV on educational outcomes for men, suggesting that this effect does not primarily operate through the provision of schooling. The large differences in the effect by sex neither confirm nor dispute the mortality risk, family resources, and market wage hypotheses. Because mortality due to HIV early in the epidemic was disproportionately concentrated among men (Timaeus & Jasseh, 2004) , we might expect to find a larger effect among men if expectations about mortality risk contribute substantially to the estimated effect. Likewise, if boys and girls are not substitutes in the household or in the labor market, in principle we could also observe significant differences by sex in the response to HIV. While my analysis cannot definitively distinguish between these explanations, my results nevertheless highlight the importance of broad, demand-side channels in thinking about the human capital costs of HIV.
II. Theoretical Model
One reason that we might expect to see broad effects of HIV on schooling is that HIV increases mortality risk. In particular, regional HIV prevalence, through its effect on expected longevity, may influence human capital investment. Using a straightforward extension of the standard human capital model, I show that changes in mortality risk, such as those generated by changes in regional HIV prevalence, imply a decline in educational investment.
Completing an additional year of schooling delays the age at which earnings commence but increases the value of those earnings; thus, individuals face a trade-off between present and future consumption. By lowering the probabil-ity of survival, HIV lowers the value of future consumption. Hence, we would expect HIV to reduce completed schooling, assuming that the price of skill does not rise substantially.
I adopt a simple life cycle model of human capital investment, incorporating aspects of Ben-Porath (1967) , Card (1995 Card ( , 1999 , Preston (1980), and Meltzer (1992) . In particular, I assume that an individual chooses schooling level S to maximize the expected present value of lifetime utility subject to a budget constraint:
Àrt pðtÞdt subject to
where U(c t ) is an increasing, concave utility function over consumption in period t, r is the discount rate, p(t) is the probability of survival to age t, and y t (S) is earnings in period t, which are a function of schooling. Importantly, I assume that y t (S) and the price of consumption do not depend on mortality risk or the average level of schooling. I assume that the only cost of schooling is forgone earnings and that earnings are constant thereafter, and are determined by the increasing, concave human capital production function g(S) as follows: y t ðSÞ ¼ 0; t 2 ½0; S e gðSÞ ; t 2 ðS; 1Þ
:
Let l(z) be the probability of death at age z. If individuals face a risk of mortality m at each age t, then p(t), the probability of survival to age t, is
By assuming that capital markets function perfectly, we can simplify the representative individual's maximization problem as
Therefore, individuals discount future earnings at rate r þ m. Solving equation (2) yields the optimal schooling choice, S*, at which the rate of return to schooling is equal to the sum of the discount rate and mortality rate at each age:
I assume that m depends on HIV and other arguments and solve for S*:
.ÞÞ:
We can calculate the effect of HIV on the optimal level of schooling:
from which it follows that
By concavity, g ss (S*) < 0, and it is straightforward to assume that mortality risk rises with the regional HIV rate, However, this model contains a number of simplifying assumptions and does not fully describe all channels through which HIV might influence schooling. As a result, we might expect empirical estimates of the effect to differ from the model calibrations. First, it could be that the measures of HIV prevalence available for use in the econometric model understate or overstate the theoretically relevant measure (expectations of adulthood HIV prevalence). If people expect HIV prevalence (and therefore mortality risk) to rise, we would expect to find a larger effect of prevalence on schooling. However, increases in mortality risk and decreases in average levels of schooling could lead to increases in the return to schooling, which could in theory work to offset the decline in investment predicted by the model. A model accounting for general equilibrium effects could predict smaller and possibly positive effects on investment. Tanzania (2003) , and Zambia (2001 Zambia ( -2002 .
1 In addition to providing demographic, economic, and fertility microdata, these waves of the DHS are linked to HIV test results that can be used to calculate regional HIV prevalence. In the data appendix, I provide more detail on sample selection and testing procedures.
A. HIV Prevalence
In these fifteen DHS surveys, some adult respondents to the survey were asked to provide blood samples for HIV testing. I calculate regional HIV prevalence as the adult HIV rate in each region, an area generally defined by a government administrative division. Across the fifteen countries in my sample, there are 157 regions. Table 1 shows the considerable variability in regional HIV prevalence across and within countries.
Estimates of HIV prevalence from other sources are generally based on the testing of subpopulations (for example, pregnant women or commercial sex workers). Because DHS HIV testing was conducted at the household level, respondents should be more representative of area residents than other HIV testing samples. UNAIDS recently revised its estimates of prevalence, in part because of the availability of these population-based testing data (UNAIDS and WHO, 2007) . Not only are DHS HIV testing data representative, but they provide estimates of prevalence at a fine level of geographic detail. National HIV prevalence data, in contrast, obscure the substantial geographic variation within country.
However, regional HIV rates could be measured with error. For about 17% of respondents, HIV test results are missing-primarily because of test refusal. Because HIV status may well be related to HIV test refusal and because data are missing at different rates across regions, missing HIV test data could bias my estimates of regional HIV prevalence. However, the magnitude of any bias would most likely be quite small: adjusting for differences in observable characteristics between HIV test respondents and nonrespondents, Mishra et al. (2006) conclude that nonresponse has an insignificant effect on national HIV prevalence estimates using these data. Furthermore, in section V, I find that my results are robust to adjustments for nonresponse.
All the same, regional HIV prevalence data have their limitations. Sampling variability could introduce classical measurement error, attenuating my estimates. Furthermore, estimates of regional HIV prevalence over time are unavailable. My estimates of regional HIV prevalence from DHS Tanzania (2003 , TZ), and Zambia (2001 /2002 . The table shows detailed summary statistics for the regional HIV rate in the survey year, expressed in percentage points. The unit of observation is a region. These HIV rates are calculated from the DHS HIV data using a sample that includes men and women aged 15 to 49, weighted using appropriate HIV sample weights. In calculating summary statistics for a given country, region observations are weighted by the sum of the household sample weights. In calculating summary statistics overall, these weights are adjusted by population.
1 Source: DHS data sets, http://www.measuredhs.com, MEASURE DHS, Macro International Inc.
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testing are applicable only to the survey year. To address this shortcoming, I adopt a difference-in-differences approach, comparing changes over time (across birth cohorts) across areas with different levels of HIV (in the survey year). In section V, I show that my results are robust to alternative assumptions about the time path of HIV.
B. Individual Characteristics
Data on age, educational attainment, and other individual characteristics are drawn from responses to the individual and household questionnaires of the DHS. For the most part, my analysis uses a sample of adults aged 15 to 49. I consider three educational outcomes for adults: years of schooling, school attendance (completed one or more years), and primary school completion. In section VI, I use a sample of children aged 7 to 14 to explore explanations for my main results. Because schooling for children may be incomplete, I use the number of grades children are behind correct grade for age as a measure of schooling attainment for this younger group.
Child characteristics, including grades behind correct grade for age, are summarized in table 2, and summary statistics for adult characteristics, including all three measures of education, are presented in table 3. (Survey sampling procedures, response rates, and variable definitions are described in detail in the data appendix.) In the countries under study, about two-thirds of people reside in rural areas. On average, adults have completed 4.4 years of schooling, and a little over 60% report having completed at least one year of school. About 40% of adults have at least a primary school education.
Assignment of adults and children to birth cohorts is based on reported age. My data include information about the respondent's current region of residence, but only limited information about his childhood residence. Because my ability to identify the effect of HIV on human capital investment depends heavily on my ability to match individuals to their childhood regional HIV rates, migration (and mortality, for that matter) could be a source of bias. For simplicity, I assume that individuals have not moved from their childhood regions of residence. I test the validity of this assumption in section V.
IV. Empirical Model and Results
My approach exploits geographic and time variation in HIV prevalence. Using fixed effects for region of residence, I estimate the effect of regional HIV prevalence on three educational outcomes: completed years of schooling, school attendance, and primary school completion. In particular, I estimate the following model: Years behind grade for age is the number of grades the child is behind correct grade for age; years behind grade for age is coded as missing for children two or more grades more advanced than correct grade for age. Children need not be in school to be included; this calculation uses the last completed grade. Year of birth is the child's year of birth, calculated based on age from the household roster. Female is an indicator for whether the child is female.
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where S icr is an educational outcome for respondent i in cohort c and region r, HIV r is HIV prevalence in region r (survey year), I(c ! 1980) is an indicator for whether cohort c was born in or after 1980, F icr is an indicator for whether respondent i in cohort c in region r is female, rural icr is an indicator for whether respondent i in cohort c in region r is in a rural area, c c is a fixed effect for birth cohort c, and a r is a fixed effect for region r. c c allows for a flexible trend in educational outcomes over time, and a r accounts for underlying differences in educational outcomes across regions of residence. (Note that the level effects of current HIV rates will be absorbed by the region indicators.) My sample includes adults aged 15 to 49 in the survey year. Though some of these adults will still be in school, school attendance (years > 0) and primary school completion are likely to be determined by age 15 and are therefore unlikely to be biased by incomplete schooling. Furthermore, only 11% of adults aged 25 to 49 have more than ten years of schooling, so any bias in completed years of schooling should be small. As an additional test, I top-code years of schooling at 10; the results are quite similar. Using a number of outcomes should also assuage concerns that my estimates are sensitive to transformations of the dependent variable (Meyer, 1995) .
I weight observations using DHS-provided weights that account for the sampling and response probabilities and compute Huber-White standard errors that adjust for possible correlations of outcomes within each region. If there is serial correlation in the outcome variable, which is quite possible for schooling, conventional difference-in-differences techniques tend to overreject a null hypothesis of no effect. While I do not adopt a true difference-in-differences approach, my standard errors could still be plagued by this problem. Clustering that accounts for intraregional autocorrelation has been found to be an effective solution in some applications when the number of regions is sufficiently large (Bertrand, Duflo, & Mullainathan, 2004) . This is a difference-in-differences framework, comparing differences in educational outcomes of unaffected and affected cohorts across regions with differing levels of treatment intensity (HIV prevalence). Region fixed effects control for underlying differences in educational outcomes across regions. Unlike a simple difference-in-differences approach, I allow for a flexible time trend in schooling outcomes and control for sex. Difference-in-differences results without controls (not shown) are quite similar to these results.
This approach amounts to assuming that HIV had no effect on the educational outcomes of cohorts born before 1980 and a constant effect on cohorts born in or after 1980. My sample of adults aged 15 to 49 covers birth cohorts 1952 to 1991. Respondents in the unaffected cohorts would have for the most part, completed their schooling by the late 1980s, before HIV was widespread. Respondents in the affected (1980) (1981) (1982) (1983) (1984) (1985) (1986) (1987) (1988) (1989) (1990) (1991) cohorts reached school-going age in the late 1980s and 1990s, when HIV was more prevalent. In figure 1, I show average completed years of schooling for those born before and after 1980, separately by country. Countries are sorted based on national HIV prevalence in the survey year, with prevalence ranging from 0.7 percent in Senegal to 23.5 percent in Lesotho. In general, average completed schooling rose over time, so that adults in post-1980 birth cohorts completed more years than those in pre-1980 birth cohorts. However, there is a handful of exceptions to this general trend; schooling fell in Rwanda, Kenya, and Zambia and increased only a small amount in Tanzania and Lesotho. In general, I find evidence of increases in educational attainment in lower-prevalence countries, with more moderate increases or small declines in higher-prevalence countries.
My empirical strategy focuses on these changes over time (the differences between these bars) and their relationship with HIV prevalence. While these national trends are informative, I conduct my analysis at the region level, since prevalence varies quite a bit across regions. Figure 2 shows the relationship between regional HIV prevalence (in the survey year) and the difference in mean educational attainment between younger (post-1980) and older (pre-1980) birth cohorts, where each observation represents a region. The population-weighted least-squares estimate suggests that there is indeed a negative relationship between HIV and the change in educational attainment. Table 4 shows estimates of the difference-in-differences in completed years of schooling, estimated using equation (4) . HIV has a negative and significant impact on completed 
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THE REVIEW OF ECONOMICS AND STATISTICS years of schooling, attendance, and primary school completion. Relative to a base case of no HIV, regional HIV prevalence of 10% is associated with a decline in completed schooling of about 0.5 years, a 6 percentage point decrease in the probability of attending school, and an 8 percentage point fall in the probability of completing primary school. These results suggest that educational outcomes improved less over time in areas harder hit by HIV. Because levels of completed schooling are low in these countries, these differences are in fact quite large: adults in post-1980 birth cohorts (relative to adults in pre-1980 birth cohorts) in areas with regional HIV prevalence of 10% (relative to areas without HIV) experienced a 12% reduction in completed years of schooling, a 10% reduction in the probability of attending school, and a 20% reduction in the probability of completing primary school.
V. Threats to Validity

A. Treatment Intensity
The difference-in-differences approach in table 4 implicitly assumes that HIV had a constant effect on cohorts born after 1980 and no effect on cohorts born prior to 1980. In some sense, this simplifying assumption is consistent with a model of disease spread in which HIV spread instantaneously. While we lack precise estimates of HIV prevalence over time, available estimates suggest that spread was not instantaneous. Prevalence was low in the early 1980s and rose over two decades to the levels we have today. Therefore, cohorts growing up in the 1980s and 1990s may have lived in areas with HIV prevalence that was positive but smaller than the prevalence estimates of today. Therefore, the inclusion of these cohorts in calculating the difference-in-differences estimates-to the extent that pre-1980 cohorts were ''treated'' or that post-1980 cohorts experienced different treatment intensities-may bias my estimates of the effect of HIV. Therefore, I calculate difference-indifferences estimates (following equation (4)), which exclude from the sample adults in cohorts born between 1971 and 1984 (inclusive) . This analysis compares adults born 1952 to 1970 (who were in school before HIV was very prevalent) to those born 1985 to 1991 (who were in school when HIV prevalence was relatively high). The results, presented in column 1 of table 5, show that HIV is associated with declines in schooling when looking at this restricted sample as well.
Ideally, my approach would compare trends in schooling to trends in HIV prevalence over time. However, we do not have good estimates of prevalence over time, particularly at the regional level. Oster (2009a) calculates estimates of national HIV prevalence over time using sibling histories from the DHS. UNAIDS also recently produced estimates of national HIV prevalence over time (UNAIDS & WHO, 2008) . Using data from Oster (2009a) and UNAIDS and WHO (2008) , we can impute regional HIV prevalence over time by assuming that regional HIV prevalence and national HIV prevalence have stayed in fixed proportion over time. Using regional HIV prevalence in childhood in place of the interaction between regional estimates and a post-1980 indicator, we can estimate the effect of HIV on educational attainment. The results, presented in columns 2 and 3 of table 5, show negative and significant effects of HIV on educational attainment, and are on par with the estimates shown in column 1 and in table 4. This suggests that the difference-in-differences estimates, the main focus of this analysis, are a reasonable approximation of the relationship between childhood HIV prevalence and educational attainment. 
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B. Endogenous and Omitted Regressors
In section IV, I present evidence of a strong negative association between regional HIV prevalence and human capital investment. To interpret this association as the causal effect of HIV on schooling, we need to be sure that this is not driven by omitted correlates of both HIV and schooling or by reverse causality.
There could be a region-of-residence-level shocks that affect both education and HIV transmission, driving my results. If this were the case, different regions would be subject to different shocks over time. This implies that in all likelihood, educational trends would evolve differently across regions, even in the absence of HIV. As a robustness check, I test whether there are differences in educational outcome trends between areas with different levels of HIV before HIV became very prevalent (that is, among adults born before 1980). In principle, if it is HIV, rather than an omitted correlate, that causes educational outcome trends to differ across areas, there should be no relationship between the eventual HIV rate and the trends among early birth cohorts. Figure 3 shows average completed schooling, separately by country, for the birth cohorts 1950 to 1959, 1960 to 1969, and 1970 to 1979 . As before, countries are sorted by national HIV prevalence in the survey year, with Senegal having the lowest prevalence and Lesotho having the highest prevalence. In Guinea and Mali, completed schooling did not rise much over the period; elsewhere, schooling rose, so that cohorts born in the 1970s completed more schooling than those born in the 1950s. However, there is no apparent relationship between the change in schooling over time and the level of HIV prevalence.
In table 6, I test for evidence of pretrends in a regression framework. Using a difference-in-differences approach like that in equation (4) (and table 4), I test whether the difference in completed schooling between pre-and post-1970 birth cohorts (using a sample of adults born before 1980) varies across areas with different levels of HIV. The results indicate that there were no significantly different pretrends in areas with different levels of HIV. Though there is some evidence to suggest that areas that ultimately had higher levels of HIV also experienced greater improvements in completed years of schooling (but not attendance or primary school completion) among cohorts born before 1980, those pretrends (in column 1 of table 6) are not statistically significant. (Niger), expressed in percentage points, and is multiplied by an indicator for whether the adult is in an affected (post-1985) birth cohort. In column 2, regional HIV prevalence at age 10 is imputed using data from table 3 (average of age cohort 25-35 and age cohort 35-45) from Oster (2009a) . Using the ratio of the DHS regional estimate in the survey year to the latest national estimate from Oster, I adjust Oster's national estimates to impute regional prevalence over time. Of the countries in my sample, Oster's data are available for Burkina Faso, Cameroon, Ethiopia, Kenya, Malawi, Mali, Tanzania, and Zambia. Her data span 1976 to 2001, which, together with the age restriction, implies that my analysis includes cohorts born between 1966 and 1990. In column 3, regional HIV prevalence at age 10 is imputed using data from UNAIDS and WHO (2008) . Using the ratio of the DHS regional estimate in the survey year to the matched estimate from UNAIDS, I adjust the UNAIDS national estimates to impute regional prevalence over time. Of the countries in my sample, the UNAIDS data are available for all countries except Kenya. These data span 1990 to 2007, which, together with the age restriction, implies that my analysis includes cohorts born 1980 to 1991. HuberWhite standard errors are in parentheses. * ¼ p-value < .05. 
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While this provides some assurance that the differencein-differences results are not being driven by underlying differences in trends, I still might be concerned that the factors that make one region susceptible to HIV might also have an impact on education. For instance, areas exposed to economic shocks could see both declines in educational attainment and increases in HIV. Using DHS data from Cameroon (1991), Côte d'Ivoire (1994), Ghana (1993) , Kenya (1993) , Malawi (1992) , Niger (1992) , and Zambia (1994), I test whether household assets and amenities are related to the regional HIV rate in the 2000s.
2 I find that the HIV rate is not significantly related to household asset ownership. If economic conditions were a major factor driving increases in HIV prevalence, we might expect to observe differences in household assets across places that ultimately developed different levels of HIV.
To confirm that my estimates are not driven by omitted variable bias, I would ideally identify a source of exogenous variation in the regional HIV rate and exploit this variation to estimate the effect of HIV absent omitted variable bias. The spread of HIV has been influenced by a number of factors, including the structure of sexual networks, the prevalence of other sexually transmitted diseases, and proximity to the geographic origin of HIV (Iliffe, 2006; Oster, 2005 Oster, , 2009b . Because male circumcision has been shown to reduce the risk of HIV infection (Auvert et al., 2005; Wise, 2006) , one potential candidate is the regional male circumcision rate. There is precedent for using this rate as an instrument for HIV prevalence (Ahuja, et al., 2009) . Circumcision rates are plausibly unrelated to changes in educational attainment over time, except through their effect on HIV. Using self-reports of circumcision from the DHS from Burkina Faso, Cameroon, Côte d'Ivoire, Ethiopia, Ghana, Guinea, Kenya, Lesotho, Malawi, Niger, Rwanda, Senegal, and Tanzania, I calculate male circumcision rates in each region. Compared to an area without male circumcision, in an area with complete (100%) male circumcision, HIV prevalence is about five percentage points lower on average. However, the instrument is too weak to provide sufficient precision, and the two-stage least-squares estimates are insignificant. Nevertheless, the estimates from table 4 are within the 95% confidence intervals of the two-stage leastsquares estimates.
Reverse causality could also confound my estimates. While the observed relationship between the regional HIV rate and educational outcomes is not likely to be driven by a direct effect of educational outcomes (of children) on the regional HIV rate (of adults), the observed effect could in theory reflect the omission of parental schooling. We might think that parental schooling is positively correlated with children's schooling and that parents' schooling is related to HIV status, which in turn affects regional HIV prevalence. However, the region fixed effects in equation (4) should account for the effects of parental schooling on children's outcomes. To the extent that they do not, my estimates will likely be positively biased by the omission of parental schooling (which has been shown to be positively related to HIV infection; Fortson, 2008) , leading me to understate the magnitude of the effect.
While these checks are not conclusive, I find nothing to suggest that it is unreasonable to interpret the difference-indifferences estimates in table 4 as the causal effect of HIV.
C. Migration and Mortality
My estimates of the effect of regional HIV prevalence on human capital investment are based on the observed educational outcomes of adults living in a given region and tying trends in the outcomes of successive birth cohorts to HIV prevalence in that region. However, it is possible that the population of adults currently living in a particular region is not representative of the population that lived in that region in childhood, either because of migration or mortality. For instance, because individual HIV status is likely related to education (Fortson, 2008) , differential survival could bias my estimates of the effect of regional HIV prevalence on human capital investment. AIDS mortality will primarily affect early cohorts (Hosegood, Vanneste, and Timaeus, 2004) . If the educated are disproportionately affected by HIV (as suggested by Fortson, 2008) , I am likely underestimating the educational outcomes of early cohorts in high-HIV areas and therefore understating the negative effect of HIV on educational outcomes. However, if more educated people from younger cohorts (relative to those from older Results are from the DHS for Burkina Faso (2003) 2 In particular, I use a composite measure of household assets and amenities that is the fraction of eight assets or amenities (radio, television, refrigerator, bicycle, motorcycle, car, electricity, and a flush toilet or pit latrine) that the respondent's household has. 9 MORTALITY RISK AND HUMAN CAPITAL INVESTMENT cohorts) are more likely to migrate away from high-HIV areas, then I might be overstating the effect.
To test whether nonrandom migration or survival might influence my estimates, I perform a sensitivity check. Rather than using adults aged 15 to 49 from the most recent wave of the DHS, I construct a time series of birth cohorts by drawing adults aged 15 to 25 from each of multiple waves of the DHS. This sample has the advantage that young adults should be less affected by migration and mortality and perhaps represent a more accurate time series of birth cohorts. Fifty-four percent of 15 to 25 year olds have never moved, whereas only 42% of 26 to 49 year olds have never moved. Among adults 26 to 49 who have moved, the median age at which they moved to their current home is 24.
This analysis uses multiple years of DHS survey data for each country; however, regions are not always comparable across waves of the DHS. Of the 157 regions, I can create 98 that are comparable over time (for information about regions and survey years used, see the data appendix). I adopt the difference-in-differences approach in equation (4) . Table 7 shows estimates from this robustness check. Regional HIV prevalence is associated with declines in all three educational outcomes (years of schooling, attendance, and primary school completion), with significant effects on years of schooling and primary school completion. The coefficients are similar in magnitude to those in table 4, which use only the most recent cross-sections of the DHS. This suggests that migration and mortality do not drive the estimated results.
D. HIV Test Nonresponse
In this paper, I tie estimates of regional HIV prevalence to trends in educational attainment over time. To the extent that HIV test refusal is correlated with HIV infection and with trends in educational attainment, HIV test nonresponse may bias my estimates of the effect of HIV on educational attainment. To test whether this is a problem for my results, I recalculate regional prevalence after reweighting test results to adjust for compositional differences between test respondents and nonrespondents. For each region within each country, I estimate a probit in which the outcome is the probability of having a test result in these data and explanatory variables are five-year age groups, gender, sector of residence (urban or rural), and years of schooling. I then calculate the predicted probability of having a test result in these data and adjust the provided HIV weights by multiplying by the inverse of this probability. Because HIV test results cannot be matched to individual characteristics in Mali and Zambia, I do not adjust the estimates of prevalence in these two countries. Difference-in-differences estimates that adjust for HIV test nonresponse are similar in magnitude and significance to those in table 4.
However, if respondents and nonrespondents have different probabilities of HIV infection, nonresponse could nevertheless bias my results. One way to assess whether this could be the case is to look at sexual behavior, which may be correlated with HIV infection. Fortson (2008) finds no difference in sexual behavior among respondents and nonrespondents in Burkina Faso, Cameroon, Ghana, Kenya, and Tanzania, which suggests that differences in HIV infection rates between respondents and nonrespondents are unlikely to drive the results.
VI. Channels
Sections IV and V show evidence of a robust negative relationship between regional HIV prevalence and human capital investment. This relationship is consistent with a simple model of human capital investment (described in section II). In fact, the parameter estimates are in line with the model's predictions. However, the observed link between HIV prevalence and educational attainment may arise through numerous channels, only one of which is described in the model. Though I cannot conclusively pin down the pathway, here I explore several alternative hypotheses: orphanhood, caretaking requirements, and the provision of schooling. I find that the data are consistent with broad, demand-driven declines in schooling, such as those we might expect due to longevity-related declines in the expected return to schooling.
A. Orphanhood
As noted in section I, several previous studies have shown that orphans are less likely to be enrolled in school than nonorphans. In theory, the negative relationship that I estimate between HIV and educational outcomes could reflect the fact that orphans have a greater likelihood of living in high-HIV areas. Using the difference-in-differences estimation strategy from section IV, I test whether the effect of regional HIV prevalence on educational outcomes is dri- Results are from the DHS for Cameroon , 1998 ), Côte d'Ivoire (1994 , Ethiopia (2000 Ethiopia ( , 2005 , Ghana (1993 Ghana ( , 1998 Ghana ( , 2003 , Kenya (1993 Kenya ( , 1998 Kenya ( , 2003 , Malawi (1992 Malawi ( , 2000 Malawi ( , 2004 , Mali (1995 /1996 , 2001 ), Niger (1992 , 1998 , Rwanda (2000 Rwanda ( , 2005 , Tanzania (1996 ), and Zambia (1996 , 2001 /2002 . All regressions are weighted least-squares regressions with a constant, a female indicator, a rural indicator, region fixed effects, year-of-birth fixed effects, and wave fixed effects, weighted using provided household sample weights (adjusted by population size) with clustering on the region. Sample includes men and women aged 15 to 25 living in regions that are comparable across waves (see data appendix). The dependent variable is completed years of schooling (1), an indicator for whether the adult completed at least one year of schooling (2) 
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THE REVIEW OF ECONOMICS AND STATISTICS ven by orphans. In particular, I compare the effect of regional HIV prevalence between a sample of all children and a sample of nonorphans alone. Because orphan status is known only for sample children (but not adults), I estimate the effect of regional HIV prevalence on a measure of progress through school (grades behind correct grade-for-age) for children aged 7 to 14 (all of whom were born between 1987 and 1999). Because progress may worsen with age, this specification includes age indicators in addition to year-of-birth fixed effects. I use a difference-in-differences approach, comparing children born before and after 1992.
Assuming that prevalence has risen over time, we would expect children born after 1992 to be more greatly affected by HIV than children born before 1992. Because children aged 7 to 14 born before 1992 (with birth years 1987 to 1991) may have also been affected by HIV, this is likely to be an underestimate of the effect of HIV. The estimate, the difference-in-differences between pre-and post-1992 cohorts, instead shows us how changes in HIV over this period are related to changes in progress through school. Table 8 , column 1, presents the results for the full sample of children, which shows that regional HIV prevalence is associated with slower progress through school. Children growing up in areas with HIV prevalence of 10% are about 0.7 more grades behind correct grade-for-age than children growing up in areas without HIV. When I exclude both single and double orphans (column 2), again the estimate is positive and significant (suggesting slower progress through school) and of the same magnitude as the comparison results. The results in table 8 indicate that the effect of HIV on human capital investment is not limited to orphans; there are in fact much broader effects of the HIV/AIDS epidemic. Indeed, the effect of regional HIV prevalence on schooling for orphans is actually smaller than for nonorphans. In results not shown, I test the effect of HIV on progress through school for a sample of single and double orphans.
Regional HIV prevalence is significantly related to progress, but the effect is smaller in magnitude than the estimates for nonorphans. This is not surprising. Because losing a parent significantly reduces the probability of enrollment, educational outcomes will be quite poor for orphans in all areas. That is, conditional on being an orphan, I would not expect a child's educational outcomes to vary much with the regional HIV rate.
B. Caretaking Requirements
Children may also miss school to care for sick family members, contributing to the large negative effect of regional HIV prevalence on schooling. To test whether this is driving my results, I exclude from the analysis children belonging to households known to have HIV-infected members (based on the DHS HIV test). Because I do not know HIV test results at the household level for Mali and Zambia, the sample is restricted to households undergoing HIV testing in Burkina Faso, Cameroon, Côte d'Ivoire, Ethiopia, Ghana, Guinea, Kenya, Lesotho, Malawi, Niger, Rwanda, Senegal, and Tanzania. I then test, on this sample of nonorphans with no known HIV-infected household members, whether the regional HIV rate is associated with significant differences in progress through school. The results, shown in column 4 of table 8, indicate that my estimates are not driven by family caretaking requirements, as HIV is associated with significantly larger gaps between actual attainment and correct grade-for-age in this restricted sample as well.
C. Provision of Schooling
There are several reasons that we might expect HIV to affect the schooling of children in households not directly affected by HIV. One possibility is that reductions in the provision of schooling, perhaps driven by teacher death, are (2001) and Zambia (2001 Zambia ( /2002 . All regressions are weighted least-squares regressions with a constant, a female indicator, a rural indicator, region fixed effects, age fixed effects, and year-of-birth fixed effects, with clustering on the region. Weights in columns 1 and 2 are household sample weights (adjusted by population size). Weights in columns 3 and 4 are the product of HIV weights from the cluster, rescaled by the country mean and adjusted by population size. Sample includes boys and girls aged 7 to 14. The dependent variable is the number of grades the child is behind correct grade for age; years behind grade for age is coded as missing for children two or more grades more advanced than correct grade for age. HIV is estimated (based on DHS HIV data) HIV prevalence among men and women aged 15 to 49 in the region in 2001 (Mali), 2001 -2002 (Zambia), 2003 (Burkina Faso, Ghana, Kenya, and Tanzania), 2004 (Cameroon, Lesotho, and Malawi), 2005 (Côte d'Ivoire, Ethiopia, Guinea, Rwanda, and Senegal), or 2006 , expressed in percentage points and is multiplied by an indicator for whether the child is in a post-1992 birth cohort. ''No Orphans'' are children whose fathers and mothers are known to be alive. ''Testing Sample'' refers to nonorphans living in households in which at least one member was tested for HIV; it excludes Mali and Zambia, in which HIV test results cannot be matched to the household. Column 4 excludes from the testing sample children living in households with at least one HIV-positive member. Huber-White standard errors are in parentheses. * ¼ p-value < .05.
MORTALITY RISK AND HUMAN CAPITAL INVESTMENT
responsible for the estimated effect. If schooling availability falls relatively more in areas with higher levels of HIV, this could explain the estimated effect of HIV. To explore the contribution of changes in provision to the decline in human capital investment, I test whether the effect of regional HIV prevalence on schooling differs for men and women. Changes in the supply of schooling (for example, teacher death) should affect men and women roughly equally, given that there are not large differences in schoolgoing between boys and girls. Therefore, differences in the effect of HIV by sex would be inconsistent with a supplyside explanation. The results, shown in table 9, show that regional HIV prevalence has a significantly larger (negative) effect on the educational outcomes of men: the effect of HIV on men's attendance is over ten times as large as the effect for women, even though men are only 27% more likely to have attended school. If provision were the primary channel through which HIV reduced schooling, we would not expect to see a large differential by sex.
3 In fact, the results show that the effect of regional HIV prevalence on educational attainment operates almost entirely through its effect on men's educational outcomes.
D. Discussion
My main results, presented in table 4, show evidence of relative declines in schooling in areas with higher levels of HIV. These estimates are on par with the predicted effects from a simple model of human capital investment (presented in section II). I find large declines in schooling related to regional HIV prevalence, even after excluding orphans and children growing up in households with infected members. I also find that men experience significantly larger declines than women.
These results support the notion that there may be broad effects of HIV on schooling: children in households not directly affected by HIV may nonetheless experience adverse effects. The large estimated sex differential suggests that this is not driven by provision. However, my results cannot rule out numerous other channels, including mortality risk, family resources, and the opportunity cost of schooling (market wages).
For example, it has been proposed that increases in mortality due to AIDS may drive up wages among survivors (Young, 2005) . If this is the case, it could be that the relatively larger declines in schooling in high-HIV areas represent children's responses to increased wages, rather than increased mortality risk in adulthood. And while I find different effects of HIV by sex, this is not necessarily inconsistent with this hypothesis. If boys and girls are not substitutes in the labor market, then the greater educational declines among men could reflect a relatively larger increase in men's wages.
Likewise, the mortality risk channel is not inconsistent with the large differences by sex. Because there was higher mortality risk among men in the early part of the HIV/AIDS epidemic (UNAIDS & WHO, 1999; Timaeus, 1998; Timaeus & Jasseh, 2004; Garenne et al., 1996; De Cock et al., 1989 , 1990 , we might expect there to be a larger effect on men if mortality risk drives the effect. However, the gender differential in the effect is perhaps too large to be consistent with the smaller mortality risk differential. And while the gender differential in the effect of HIV has declined over time as AIDS mortality has shifted more toward women, it has not disappeared. Among children, boys show larger declines in attendance than girls in the same region even though HIV is now more prevalent among women than among men. So while no single hypothesis fully explains these results, my findings nevertheless suggest that the human capital effects of HIV may be broader than previously recognized.
VII. Conclusion
Building on a simple model of human capital investment, I show that HIV, through its effect on longevity, may reduce human capital investment among nonorphans and orphans alike. Using parameter estimates from previous literature, I calibrate the model to show that longevity declines due to HIV would be expected to reduce educational attainment among children living in areas with HIV prevalence of 10 percent by about 0.5 years.
Exploiting geographic and time variation in HIV prevalence, I estimate the effect of regional HIV prevalence on human capital investment. I find that regional HIV prevalence is associated with substantially worse educational out-3 Furthermore, recent survey data for Uganda show that only 1.8% of parents cited poor school quality as a reason that their children dropped out of primary school (Uganda Bureau of Statistics & ORC Macro, 2001 ). If provision changes were a major determinant of the decline in schooling, we would expect a greater proportion of parents to cite school quality as a reason for attrition. 
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THE REVIEW OF ECONOMICS AND STATISTICS comes: children living in areas with HIV rates of 10% complete about 0.5 fewer years of schooling than children living in areas without HIV, comparable to the model's predictions. Children in areas with higher levels of HIV fare worse along a number of dimensions: they are less likely to attend school, less likely to complete primary school, and progress more slowly through school. These results are robust to numerous sensitivity checks, including tests for omitted variable bias, nonresponse bias, and attrition. I extend the analysis to empirically distinguish between channels from HIV to education. I find large negative effects of HIV on schooling among nonorphans and among children living in households without infected adults. I find substantially larger effects for men than for women, which I argue is inconsistent with the hypothesis that changes in the supply of schooling are responsible for the decline. However, my analysis cannot definitively distinguish among several possible explanations-mortality risk, family resources, and market wages-for the estimated effect. Nevertheless, my results draw attention to a previously underappreciated cost of the HIV/AIDS epidemic: the associated broad declines in human capital investment.
These results provide suggestive evidence that, when making schooling decisions, parents and children may respond to changes in the expected return to investment due to mortality risk. In fact, the model developed here may have the potential to provide estimates of the effects of other diseases or interventions in other settings. And in the context of HIV/AIDS, my results provide some hope that expanded access to antiretroviral therapy would, by increasing longevity among the HIV-infected, mitigate this effect.
Absent marked improvements in longevity, the HIV/ AIDS epidemic may impose a substantial economic cost. Based on these estimated effects and overall HIV prevalence figures, I would expect the average eventual educational attainment among children today in sub-Saharan Africa to be about 0.3 years fewer than it would have been in the absence of HIV, with much larger declines in areas hardest hit by HIV. Moreover, HIV has not only endangered human capital investment and GDP (Krueger & Lindahl, 2001 ), but it has deprived a large fraction of adults of their productive prime, a disproportionate fraction of them relatively well educated (Fortson, 2008) . The substantial reductions in human capital investment estimated here, coupled with the high levels of mortality among adults today, have reduced both the stock and flow of human capital in the region, contributing to sub-Saharan Africa's economic woes. 
